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Apneic eventsAbstract Background: Obstructive sleep apnea (OSA) is a common condition in which there are
intermittent partial and complete limitations in airﬂow, with associated hypoxia and sympathetic
arousals, during sleep. Many patients presenting to our sleep disorders clinic reported being
elbowed or poked by their bed partner because of snoring or witnessed apneic spells. The aim of
this work is to explore if a screening questionnaire can be used for detection of OSA patients.
Methods: A prospective study conducted on patients referred for polysomnography in the form
of questionnaire consisting of two questions: (1) Does your bed partner ever poke or elbow you
because you are snoring? If yes how many times per night? (2) Does your bed partner ever poke
or elbow you because you have stopped breathing? If yes how many times per night? Age, sex,
weight and height were collected.
Results: Snoring event(s) and apneic event(s) were present in 47 patients, of them 40 patients had
OSA (AHI P5) with sensitivity: 82%, speciﬁcity: 76%, PPV: 85%, NPV: 71%. There was an
increase in the patients being awakened by snoring event(s) and apneic event(s) as the disease sever-
ity increased. Age group deﬁnition (<50 years) and BMI deﬁnition (P35 kg/m2) in patients report-
ing snoring event(s) add a beneﬁt as a good pretest predictor of OSA.
Conclusion: The elbow sign questionnaire is a simple and quick screening tool for OSA with
good sensitivity and speciﬁcity in comparison to other questionnaires, further studies are needed
in other populations to determine its reliability and predictive utility.
ª 2015 The Author. Production and hosting by Elsevier B.V. on behalf of The Egyptian Society of Chest
Diseases and Tuberculosis. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Obstructive sleep apnea syndrome (OSAS) is characterized by
repeated episodes of partial or complete breathing cessationsduring sleep, causing oxygen desaturation and sleep distur-
bance [1]. Untreated, OSAS may have adverse complications
[2]. Patients with OSA are at a higher risk of occupational
and motor vehicle accidents, cognitive impairment, cardio-
vascular disease, and stroke [3].
Obstructive sleep apnea syndrome (OSAS) affects 5% of
the general population and seems to be more widespread in
primary care practice [4]. Up to 80% of men and 93% of
women with moderate-severe sleep apnea are undiagnosed
[5].rculosis.
Table 1 Descriptive analysis of all the included variables.
Number
of
patients
Minimum Maximum Mean Std.
deviation
Age 78 27 70 47.85 10.664
BMI 78 24 69 36.64 7.646
AHI 78 1 73 20.87 21.593
No. of
snoring
events
78 0 10 2.88 2.273
No. of
apneic
events
78 0 8 2.10 1.965
BMI: body mass index; AHI: apnea hypopnea index; No.: number.
Table 2 Correlations between each of age, BMI number of
snoring events, number of apneic events and AHI.
AHI
Age R .323
P .004
Sig HS
BMI R .379
P .001
Sig HS
No. of snoring events R .520
P .000
Sig HS
No. of apneic events R .688
P .000
Sig HS
BMI: body mass index; AHI: apnea hypopnea index; No.: number;
Sig: signiﬁcance; HS: highly signiﬁcant.
432 H.S. DiabHowever, in the ﬁrst study of STOP and STOP-Bang,
designed to screen surgical patients for OSAS using simple
yes/no questions, promising results were observed. Adding
information on body mass index (BMI), age, neck circumfer-
ence and gender (Bang) to the questions on snoring, tiredness,
observed apneas and high blood pressure (STOP) increased
sensitivity from 66% to 84%, while speciﬁcity remained at
the same level (about 60%) [6].
The Berlin questionnaire is the most widely used question-
naire for OSA. It includes 11 questions organized into three
categories. The predictive performance of the Berlin question-
naire for OSA varies in different patient populations. The
sensitivity ranges from 54% to 86% and the speciﬁcity ranges
from 43% to 87% [7].
There are a number of screening tools in the literature [8],
for example the Wisconsin questionnaire, the sleep disorder
questionnaire (SDQ), the Hawaii sleep questionnaire, the
self-report questionnaire by Haraldsson et al. [9],the self-re-
ported questionnaire by Pouliot et al. [10], and the modiﬁed
Berlin questionnaire, were all developed and tested in patients
mainly from sleep centers. Patients referred to sleep centers are
suspected of having sleep-related disorders especially OSA [6].
Many patients presenting to our sleep disorders clinic
(SDC) often reported being elbowed or poked by their bed
partner because of snoring or witnessed apneic spells. We
hypothesized that simply asking about this phenomenon, par-
ticularly related to apneic spells, has a diagnostic value in
identifying patients with OSA [11].
Methods
The study was carried out prospectively between April 2014 to
November 2014 at Ain Shams Specialized University Hospital.
All consecutive patients referred to sleep laboratory at Chest
unit with suspected sleep disorder were enrolled in the study.
All the included patients in this study were subjected to the fol-
lowing: History taking, Weight and height measurement, a
simple questionnaire consisting of two questions; (1) Does
your bed partner ever poke or elbow you because you are snor-
ing? If yes how many times per night? (2) Does your bed part-
ner ever poke or elbow you because you have stopped
breathing? If yes how many times per night? The inquiry about
the frequency of snoring and apneic events per night repre-
sented an addition to the original elbow sign questionnaire.
All patients underwent polysomnography test. No speciﬁc
exclusion criteria existed. Informed consent was obtained from
all patients. The study was approved by the Research and
Ethics Committee of the Chest Department, Faculty of
Medicine, Ain Shams University at April 2014. All data were
collected and statistically analyzed.
Statistical analysis
The ROC Curve (receiver operating characteristic) was used to
evaluate the sensitivity and speciﬁcity of number of apneic
event(s) and number of snoring event(s) in the diagnosis of
OSA. Chi square and Fisher’s exact test were used to examine
the relationship between Categorical variables. Pearson and
spearman correlation was used to assess the correlation
between AHI score and other studied variables. Univariate
and multivariate logistic regression were used to investigatepossible associations between OSA diagnosed by AHI P5
and other studied variables. A signiﬁcance level of P< 0.05
and a highly signiﬁcant level of P< 0.01 were used in all tests.
All statistical procedures were carried out using SPSS version
15 for Windows (SPSS Inc, Chicago, IL, USA).
Results
A total of 78 patients having clinical picture of obstructive
sleep apnea syndrome were referred to sleep unit for polysom-
nography (Table 1), they consented to participate in the study,
69 patients were males (47 of them had AHI P5) and 9
patients were females (3 of them had AHI P5).
There was a highly signiﬁcantly statistically positive
correlation between AHI and all of age, BMI, number of snor-
ing events and number of apneic events (Fig. 1 and Table 2).
Snoring event(s) were present among 92% of abnormal AHI
(OSA patients) (sensitivity), while it was absent among 35.7%
of normal AHI cases (speciﬁcity) with positive predictive value
(PPV): 72% and negative predictive value (NPV): 71%.
Apnea event(s) were present among 90% of abnormal AHI
(OSA patients) (sensitivity), while it was absent among 54% of
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Figure 1 The scattered diagrams of the correlation between apnea hypopnea index (AHI) and all of age, body mass index (BMI),
number of snoring and apneic events.
Table 3 Comparison between normal and abnormal AHI (OSA patients) cases as regard being awakened for snoring and apneic
events or not.
AHI Total number of patients P Sig
Normal (AHI <5) Abnormal (AHI P5)
N# % N# %
Snoring event(s) per night Yes 18 64.3 46 92.0 64 .002 HS
No 10 35.7 4 8.0 14
Apneic event(s) per night Yes 13 46.4 45 90.0 58 .0001 HS
No 15 53.6 5 10.0 20
AHI: apnea hypopnea index; No.: number; Sig: signiﬁcance; HS: highly signiﬁcant; N#: number of patients.
Utility of elbow sign in diagnosis of OSA 433normal AHI cases (speciﬁcity) with positive predictive value
(PPV): 78% and negative predictive value (NPV): 75% (Table 3).
There was a highly signiﬁcant statistical difference between
patients with BMIP35 and patients with BMI <35 as regards
normal AHI and abnormal different grades of AHI.There was a highly signiﬁcant statistical difference between
patients reporting the occurrence of snoring and apneic
event(s) and patients reporting the absence of snoring and
apneic event(s) as regards normal AHI and abnormal different
grades of AHI. Also there was an increase in the number of
Table 4 Comparison between cases with different grades of AHI cases as regard age, BMI, snoring and apnea.
AHI grade P Sig
Normal
(AHI <5)
Mild
(AHI P5–14.9)
Moderate
(AHI P15–29.9)
Severe
(AHI P30)
N# % N# % N# % N# %
Age group P50 years 9 32.1 7 50.0 5 45.5 14 56.0% .357 NS
<50 years 19 67.9 7 50.0 6 54.5 11 44.0
BMI group P35 kg/m2 9 32.1 4 28.6 8 72.7 17 68.0 .009 HS
<35 kg/m2 19 67.9 10 71.4 3 27.3 8 32.0
Snoring Event(s) per night Yes 18 64.3 12 85.7 9 81.8 25 100.0 .004 HS
No 10 35.7 2 14.3 2 18.2 0 .0
Apneic event(s) per night Yes 13 46.4 10 71.4 10 90.9 25 100.0 .0001 HS
No 15 53.6 4 28.6 1 9.1 0 .0
BMI: body mass index; AHI: apnea hypopnea index; N: number; Sig: signiﬁcance; HS: highly signiﬁcant; NS: non signiﬁcant; N#: number of
patients.
Table 5 Sensitivity, speciﬁcity, PPV and NPV of snoring event(s) and apneic event(s) in different grades of Apnea Hypopnea Index
(AHI).
Apnea Hypopnea Index (AHI)
Mild (AHI P5–14.9) Moderate (AHI P15–29.9) Severe (AHI P30)
Snoring event(s) per night Sensitivity 12/14 (85.7%) 9/11 (81.1%) 25/25 (100%)
Speciﬁcity 10/28 (35.7%) 10/28 (35.7%) 10/28 (35.7%)
PPV 40% 33.3% 58.1%
NPV 83.3% 83.3% 100%
Apneic event(s) per night Sensitivity 10/14 (71.4%) 10/11 (90.9%) 25/25 (100%)
Speciﬁcity 15/28 (53.6%) 15/28 (53.6%) 15/28 (53.6%)
PPV 43.5% 43.5% 65.8%
NPV 78.9% 93.8% 100%
AHI: apnea hypopnea index; PPV: positive predictive value; NPV: negative predictive value.
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Figure 2 ROC curve (receiver operating characteristic) to
discriminate OSA cases by AHI (P5) using number of snoring
events.
434 H.S. Diabpatients being awakened for snoring event(s) or apneic event(s)
as the disease severity increased (Table 4).
Table 5 shows increased sensitivity of both apneic and snor-
ing events with the increased degree of AHI.
ROC curve showed that the number of snoring events for
which the patient was awakened P3 per night could be used
in the prediction of cases with OSA, with sensitivity 66%,
speciﬁcity 79%, AUC 0.778, PPV 85%, NPV 59.4% and P
value .0001 (Fig. 2).
ROC curve showed that the number of apneic spells for
which the patient was awakened P2 times per night it could
be used in the prediction of cases with OSA, with sensitivity
82%, speciﬁcity 96%, AUC 0.902, PPV 97%, NPV 75% and
P value .0001 (Fig. 3).
The table summarizes the overall outcome of the original
elbow sign questionnaire and the modiﬁed elbow sign ques-
tionnaire revealing that the best predictor of OSA was the
occurrence of apneic events P2 per night (underlined in
Table 6).
Patients aging P50 years had a 2.28 higher risk to be dis-
eased with OSA compared to patients <50 years, patients with
BMIP35 had a 2.91 higher risk to be diseased with OSA com-
pared to patients with BMI <35, Also patients reported being
awakened for snoring event(s) or apneic event(s) per night had
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Figure 3 ROC curve (receiver operating characteristic) to
discriminate OSA cases by AHI (P5) using number of apneic
spells.
Table 7 Univariate analysis studying factors associated with
OSA as diagnosed by AHI P5.
Odds ratio 95% Conﬁdence interval
Upper Lower
Age group P50 years 2.287 .869 6.020
BMI group P35 kg/m2 2.915 1.103 7.704
Snoring event(s) 6.389 1.774 23.006
Apnea event(s) 10.385 3.174 33.980
BMI: body mass index; AHI: apnea hypopnea index; OSA:
obstructive sleep apnea.
Utility of elbow sign in diagnosis of OSA 435a 6.38 and 10.38 higher risk respectively for having OSA com-
pared to patients without snoring or apneic events (Table 7).
The group of patients reported being awakened for both
snoring and apneic event(s) per night had 95% predicted
probability for OSA (AHIP 5) (Table 8).
There was a signiﬁcant statistical difference between both
groups of patients with normal and abnormal AHI as regards
the presence or absence of snoring event(s) within age group:
<50 years while there was a non signiﬁcant statistical differ-
ence between both groups of patients with normal and abnor-
mal AHI as regards the presence or absence of snoring event(s)
within age group: P50 years. This means that the age group
deﬁnition (<50 years) in patients reporting snoring event(s)
adds a beneﬁt as a good pretest predictor of OSA (Table 9).
There was a highly signiﬁcant statistical difference between
both groups of patients with normal and abnormal AHI as
regards the presence or absence of apneic event(s) within bothTable 6 Sensitivity, speciﬁcity, PPV and NPV in different groups o
Snoring event(s) per night Yes (64 pts)
No (14 pts)
Apneic event(s) per night Yes (58 pts)
No (20 pts)
Snoring and apneic events per night Yes (47 pts)
No (31 pts)
Snoring events P3 per night Yes (39 pts)
No (39 pts)
Apneic events P2 per night Yes (42 pts)
No (36%)
Snoring eventsP3 per night and apneic eventsP2 per night Yes (30 pts)
No (48 pts)
AHI: apnea hypopnea index, PPV: positive predictive value, NPV: negatage groups (<50 years and P50 years). This means that age
group deﬁnition (either <50 years or P50 years) in patients
reporting apneic event(s) did not add beneﬁt as a pretest pre-
dictor of OSA.
There was a signiﬁcant statistical difference between both
groups of patients with normal and abnormal AHI as regards
the presence or absence of snoring event(s) within the group of
patients with BMI P35 kg/m2 while there was a non signiﬁ-
cant statistical difference between both groups of patients with
normal and abnormal AHI as regards the presence or absence
of snoring event(s) within the group of patients with BMI
<35 kg/m2. This means that BMI deﬁnition (P35 kg/m2) in
patients reporting snoring event(s) adds a beneﬁt as a good
pretest predictor of OSA (Table 10).
There was a signiﬁcant statistical difference between both
groups of patients with normal and abnormal AHI as regards
the presence or absence of apneic event(s) within both groups
of patients with BMI <35 kg/m2 and BMI P35 kg/m2. This
means that BMI deﬁnition (either <35 or P35 kg/m2) in
patients reporting apnea events did not add a beneﬁt as a pret-
est predictor of OSA.
Discussion
Polysomnography is the accepted gold standard for the
diagnosis and staging of OSA [12], and was therefore deemedf patients.
AHI Sensitivity
(%)
Speciﬁcity
(%)
PPV
(%)
NPV
(%)
<5 P5
18 46 92 36 72 71
10 4
13 45 90 54 78 75
15 5
7 40 82 76 85 71
22 9
7 32 66 79 85 59
22 17
2 40 82 96 97 75
27 9
1 29 59 97 97 58
28 20
ive predictive value, pts: patients.
Table 10 Comparison between group of patients with normal AHI and group of patients with abnormal AHI as regard the presence
or absence of snoring event(s) within a speciﬁc BMI (<35 kg/m2 and P35 kg/m2).
BMI Diagnosis P Sig.
Normal (AHI <5) Abnormal (AHI P5)
<35 kg/m2 Snoring event(s) per night Yes 11 14 .264 NS
No 7 3
P35 kg/m2 Snoring event(s) per night Yes 7 32 .034 S
No 3 1
Table 8 Multivariate analysis studying the predicted probabilities for OSA as diagnosed by AHI.
Adjusted odds ratio P Sig 95.0% C.I. for adjusted odds ratio
Age group P50 years 2.233 .214 NS .629 7.924
BMI P35 kg/m2 3.877 .135 NS .655 22.964
Snoring event(s) 11.683 .002 HS 2.558 53.358
Apneic event(s) 12.306 .001 HS 2.984 50.762
BMI: body mass index; AHI: apnea hypopnea index; OSA: obstructive sleep apnea; C.I.: conﬁdence interval; Sig: signiﬁcance; HS: highly
signiﬁcant; NS: non signiﬁcant.
Table 9 Comparison between group of patients with normal AHI and group of patients with abnormal AHI as regard the presence or
absence of snoring event(s) within a speciﬁc age group (<50 years and P50 years).
Age group Diagnosis P Sig.
Normal (AHI <5) Abnormal (AHI P5)
<50 years Snoring event(s) per night Yes 12 22 .030 S
No 7 2
P50 years Snoring event(s) per night Yes 6 24 .095 NS
No 3 2
AHI: apnea hypopnea index; Sig: signiﬁcance.
436 H.S. Diabto be the best comparator to establish the efﬁcacy of the elbow
sign. This is similar to studies of other well established ques-
tionnaires [13].
The diagnostic challenges with OSA are not unique and are
analogous to those encountered for diabetes, where stepwise
screening has also emerged as part of a diagnostic strategy.
Thus effective screening strategies are required [14]. Untreated
OSA has been shown to increase health-care utilization; treat-
ment with CPAP reduces this and its associated costs [15].
Existing OSAS questionnaires like the Berlin, STOP and
STOP-Bang questionnaires have shown mixed results in vari-
ous clinical populations, including sleep clinic patients [7].
Overweight and obesity remain the most important mod-
iﬁable causes of OSA in adult population. Weight gain and
loss have been consistently associated with increasing and
decreasing OSA severity, respectively, in both observational
and intervention studies [16]. The correlation between BMI
and AHI was stronger [17]. The results of the present study
revealed that there was a highly signiﬁcantly statistically posi-
tive correlation between AHI and both of age and BMI
(Table 2), this was consistent with the results of Mark and col-
leagues [11] who assessed the predictive performance of the
elbow sign questionnaire in a study performed at the
University of Saskatchewan in Canada. Also previous results
matched with the study done by Chung and colleagues [18]to validate the Berlin questionnaire and the American
Society of Anesthesiologists’ (ASA) checklist in surgical
patients and to compare them with the STOP questionnaire
for prediction of OSA.
Moreover, in a study performed on 103 patients using the
Karolinska Sleep Questionnaire to identify OSA in a sleep
clinic population at Stockholm, Sweden, researchers found
that 82% from the involved patients in the study with BMI
P35 kg/m2 had OSA (AHI P5) [19]. Furthermore, the
relationship between AHI and BMI had been demonstrated
in many studies assessing the predictive ability of different pat-
terns of OSA questionnaire [6,20–24].
The current study revealed that age group deﬁnition
(either P50 years or <50 years) and BMI deﬁnition (either
P35 kg/m2 or <35 kg/m2) in a speciﬁc group of patients
who reported apneic spell(s), did not add beneﬁt as they were
a weaker pretest predictor of OSA, which was in accordance
with the results of Mark and colleagues [11].
The current study showed in univariate analysis studying
factors associated with OSA as diagnosed by AHI P5
(Table 7) that patients aged P50 years had a higher risk to be
diseased with OSA with OR (Odds ratio): 2.2 and 95% CI
(Conﬁdence Interval): 0.869–6.020 compared to patients
<50 years, patients with BMIP35 kg/m2 had a higher risk to
be diseased with OSA with OR: 2.91 and 95% CI: 1.103–7.704
Utility of elbow sign in diagnosis of OSA 437compared to patients with BMI <35 kg/m2. This agreed with
Chung and colleagues [18] who found that age >50 years had
an OR: 1.14 with 95% CI: 0.54–2.38, and BMI >35 kg/m2
had an OR: 1.94 with 95% CI: 0.92–4.09.
Gender also inﬂuences numerous parameters associated
with OSA. OSA has a male predominance. The prevalence
of OSA is more than two times higher in men versus pre-
menopausal women despite similar age and lower weight
[25]. This coincided with the current study which involved 78
patients; of them 69 are males, and also conformed with results
of Chung and colleagues [18] who observed male predomi-
nance in the studied OSA patients. Furthermore, Westerlund
and colleagues [19] used the Karolinska Sleep Questionnaire
to identify OSA, they found that 62 patients had OSA (AHI
P5), of them 47 were males. Also in a prospective study per-
formed to compare between the predictive value of the four
questionnaires (STOP-Bang questionnaire, Epworth sleepiness
scales, Berlin questionnaire, and STOP questionnaire), the
researchers clariﬁed that, male predominance was 93% in the
patients with OSA (AHIP5) [21]. Indeed, male predominance
in the studied patients with OSA had been shown in many
researches which evaluated different forms of OSA question-
naire [6,22–24,26].
The current study stated that 64 patients reported being
poked or elbowed for snoring event(s) (even once per night),
of them 46 patients were diagnosed as OSA (AHIP5) by poly-
somnography (Table 3) with sensitivity: 92%, speciﬁcity:
35.7%, PPV: 72% and NPV: 71% with OR: 6.4 and 95%
CI: 1.774–23.006 for positive results (AHI P5) as compared
to negative results (AHI 65). There was an increase in the
patients being awakened for snoring event(s) as the disease
severity increased (Table 4). Almost this matched with results
of the study done by Mark and colleagues [11] who evaluated
elbow sign questionnaire; they found that 99 patients reported
being poked or elbowed for snoring, of them 81 patients were
diagnosed as OSA (AHI P5) by polysomnography with
sensitivity: 84% and speciﬁcity: 42%, PPV: 82% and NPV:
46% and OR: 3.9 for positive results (AHI P5) as compared
to negative results (AHI 65), as disease severity increased
there was an increased tendency to be awakened for snoring
as coinciding with the current study. In accordance with afore-
mentioned ﬁndings, Westerlund and colleagues [19] observed
using the Karolinska Sleep Questionnaire to identify OSA
that, 46 patients involved in their study reported always heavy
snoring, of them 34 patients (74%) had OSA (AHI P5) with
OR: 1.75 and 95% CI: 0.40–7.64.
The results of current study revealed that 58 patients
reported being poked or elbowed for apneic spell(s) (even once
per night), of them 45 patients were diagnosed as OSA (AHI
P5) by polysomnography (Table 3) with sensitivity; 90%,
speciﬁcity; 53.6%, PPV: 78% and NPV: 75% with OR: 10.4
and 95% CI: 3.174–33.980 for positive results (AHI P5) as
compared to negative results (AHI 65). There was an increase
in the patients being awakened for apneic spell(s) as the disease
severity increased (Table 4). Almost this matched with the
results of the study done by Mark and colleagues [11] who
found that 123 patients reported being poked or elbowed for
apneic spells, of them 61 patients were diagnosed as OSA
(AHI P5) by polysomnography with sensitivity: 65% and
speciﬁcity: 76% PPV: 90% and NPV: 40% with OR: 5.8 for
positive results (AHI P5) as compared to negative results
(AHI 65). As disease severity increased there was an increasedtendency to be awakened for apneic spells as consistent with
the current study. In correspondence to previously mentioned
results Westerlund and colleagues [19] revealed using the
Karolinska Sleep Questionnaire to identify OSA that, 23
patients involved in their study reported being witnessed to
have always breathing cessations during sleep, of them 20
patients had OSA (AHI P5) with OR: 3.30 and 95%CI:
0.58–18.8.
Interestingly the obtained results of the present study
achieved an acceptable certainty in the prediction of OSA
(AHI P5) through answers of the elbow sign questionnaire
as follows; if the patient reported being awakened for snoring
event(s) and (not or) apneic event(s) each night, it had sensitiv-
ity 82% speciﬁcity; 76% PPV; 85% NPV; 71% (Table 6) which
materialized a ﬂuent screening for the prediction of OSA at
outpatient clinics. Worthwhile speciﬁcity of the elbow sign
questionnaire could be improved more than 76% to reach up
to 96% with the same sensitivity: 82% by applying a cutoff
number of the apneic spells to be P2 per night for which
patients were awakened during sleep as aforementioned in
table [6], with subsequent decrease in false positive cases.
This may represent a modiﬁcation in the original elbow sign
questionnaire by depending on only one question; Does your
bed partner ever poke or elbow you because you have stopped
breathing? By deﬁning how many times per night and using
cutoff number of the apneic spells P2 per night, it is assumed
that this could improve the predictive performance of the
elbow sign questionnaire.
Chung and colleagues [18] found in their research that the
Berlin questionnaire had sensitivity: 69%, speciﬁcity: 56%,
PPV: 78% and NPV: 45% for OSA (AHI P5), and ASA
(American Society of Anesthesiologists) Checklist had sensitiv-
ity: 72%, speciﬁcity: 38%, PPV: 72% and NPV: 38% for OSA
(AHIP5), Both questionnaires had a relatively low speciﬁcity
which may result in false positives leading to unnecessary refer-
rals for sleep studies. Also a study done for assessing the Berlin
questionnaire as a screening method for OSA in idiopathic
intracranial hypertension which may be associated with
OSA, revealed sensitivity: 83.3%, speciﬁcity: 58.3%, PPV:
75%, and NPV: 70% for OSA (AHI P5) [27].
The standard STOP-Bang scoring was to combine any 3
positive items from 8 questions, the STOP-Bang questionnaire
was evaluated in a study accomplished at university of
Toronto, Canada as a preoperative screening tool for OSA
with baseline sensitivity: 87.3%, speciﬁcity: 30.7%, PPV:
43.8% and NPV: 79.7% with a high sensitivity. However, its
moderate speciﬁcity may yield a fairly high false positive rate.
The researchers hypothesized that the speciﬁc combinations of
predicting factors in the STOP-Bang questionnaire would
improve its speciﬁcity [28].
Westerlund and colleagues [19] found that the Karolinska
Sleep Questionnaire used to identify OSA (AHI P5) had
sensitivity: 76%, speciﬁcity: 88%, PPV: 90% NPV: 71%, in
contrast to the results of the present study Westerlund and col-
leagues observed that with an increase in AHI; sensitivity
remained at the same level, while speciﬁcity and positive pre-
dictive value decreased and the negative predictive value
increased. In a retrospective chart review study of 130 sleep
clinic patients evaluating the Berlin questionnaire for detection
of OSA, researchers discovered that the Berlin questionnaire
had low sensitivity: 68% and low speciﬁcity: 49%, and on
the contrary to the results of current study there was a decrease
438 H.S. Diabin both sensitivity and speciﬁcity as the disease severity
increased so they recommended caution when using the
Berlin questionnaire in a research study composed of primarily
sleepy subjects [20].
Worthwhile, in a prospective study performed in Peking,
China to compare between the predictive value of the four
questionnaires (STOP-Bang questionnaire, Epworth sleepiness
scales, Berlin questionnaire, and STOP questionnaire), the
researchers found that the STOP-Bang questionnaire had the
best predictive value between the studied questionnaires with
sensitivity: 95%, speciﬁcity: 50% in OSA (AHI P5), however
increasing the severity of OSA; AHI P15 and AHI P30,
associated with a parallel increase in sensitivity to be: 97%
and 98% respectively which matched with the ﬁndings of the
current study [21].
There are some obvious limitations in this study; it included
suspected patients and not applied on general population
which increase its pretest probability. Also it involved a rela-
tively small number of patients in a single center of sleep study.
The elbow sign questionnaire is an easy and simple method
for screening of OSA and can be applied widely to detect sus-
pected subjects to be referred for polysomnography inspite of
its utility in this study being limited to a group of patients
already complaining of symptoms of OSA. The elbow sign
questionnaire speciﬁcity can be increased by shortening the
questionnaire to be composed of one question about occur-
rence of apneic spell(s) as previously explained.Financial/nonﬁnancial disclosures
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